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© METHOD OF MANUFACTURING MINUTE METALLIC BALLS UNIFORM IN SIZE. 


d. © A method of manufacturing minute metallic balls 
111 (20) uniform in size comprising the steps of making 
short pieces (16; 10) of metallic wire by cutting a 
fine metallic wire (1) to a given length and shaping 


said pieces into balls by heating and melting them at 
a temperature higher than the melting point of said 
metal. 
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TECHNICAL FIELD Venous methods hM boon proposed ind 
used for forming to metal spheres weft as wear 

The present invenfton retetee to • rnethod of atomlzatton. oat Cominflon. vacuum stcsratiBon, 

etSderttfy producing, *»> "toh <tograe of uniformity csjntritugal otomLntOon, roller atomlzsaon, supsr- 

to size, to men! sphere* *uch a bumps wttch i sonic etemlimion, and to forth. The wear atontza- 

ars uMd M bonding material In bonding methods Hon, however, Is dtodvantageoua In that the motel 

such as TAB (Tapt Automated Bonding) meted or spheres formed by thts method are Irregular In 

flp-cHp bonding method which are used In the shape. The gas stomlang method also Is dlsad- 

•aw of somxxnduetor packaging. vantaeeoua In mat ft cannot produce fine spheres. 

re The centrifugal method la suitable tor producing 

BACKGROUND ART oomparadvefy fine sphere* to an Industrial ecale. 

As described in Journal of Metals, January 1981, 

TAB method and flto-crtp methods are known pp 13-18, however, the metal tphores formed by 

as eomiecnductor packaging techniques which this method has i rather wide sbe distribution of 

make use of bumps. Metals euehaagoidareusad ri 30.to200iim.Bi order to use metal spheres 


select only spheres of i spedlxw size suRabt* tor 


t. tor example, skntog. Sieving the sphere* h an 

FunctJora of the bumps are to aJectrieafty and so Industrial sous atrtousfy reduces the yWd and. 


boa. in general, the bump la placed between these why no positive attempt has been made to put 


aura are appaed to the bump so as to bond these 

two members. The bump, when considered from a DISCLOSURE OF THE INVENTION 
the aoove-mentjoned functton. preferably has a 

spherical shape which is easy to deform. Actually. Accordingly, en object of the present kwantton 

tower, bumps have rectangular paradetoptoed la to establish a method which enables an etSderrt 

shape* tn moat cases. Thts b because that bumps production of to metal spheres with such rajh 

of peretotopiped shape* can eesSy be produced so degrees of uniformity In at** and shape as to 

by plating or etching, so that the use of bump* of enable thee* spheres efirectty as tXJmpa tn taml- 


toconvenlert to use. Rating Is (he most popular tram restrtcflon In purtty end ccmpostiJon of the 
method tor fanning bumps. Thts method, however, sphere material and without ne ceasttelhsj any das- 
tovohres a prebtern to that the purity and compost- ss situation such as sieving. 
Don of the metaf used as tn. rreeerial of the bump To thts end, according to the present IrrrenScn, 
n to the above- there la provided a method of producing to metal 
tope. spheres with a Ngh degree of uniformity to size. 
Formation cf s bump by plating I* corxjjeted having the steps of cutting an uftreflne mats) wire 
either by drectty ptattog the afectroda of an IC by so into chips of a predetermined length, and hesftog 
a bump metal which fa In most cases gptd of a the chip* to a temperature higher than the mettkig 
high purtty, or by forming a bump on a glass point of the chip thereby sprxxoidbJng the chb*. 
substrate by plating and then transferring the same One of the most critical requirement tor pra- 
te the otk! of tjie lead on a TAB tape, " dudng bumps w» a uniform size Is to cut the 
The formation of bumps by prating, however, « irrtre-ftna metal wire exactly at a constant length, 
retires an equipment of a large scale and, in Obviously, the precision of the cutting length can 


ted above, to particular, the flrs> ultra-fine who end « 

ig method which refie* upon dkect cutting length. In genera), a bump has *n 

platJng on fC ehtp alectnxtes impair* the yield of so tmal atze, e<j H 100 microns or betow in _ 

the fC chip products atoce the IC chips have to The cutting length fa uauatty OS mm or lees and I 

undergo the rjteflng process. mm at the largest, however the wire dbmeter may 

Aa atated before, bumps of spherical shapes be reduced. In addition, motels suitable for use as 

have not been used popularly, although the spheri- a bump material are usually soft so that uttra-to 

cal shape Is preferred from tha view point of rune- u wires formod from such metals are tasty deformed 

Hon. TNa fact fa meWy attributable to Difficulty by. for example, the force of gravity. Urtortne 


spheres with a high degree of unSomwty In size, that a 


to^soch a manner as to feed auch wires without any 

Thus, one of the critical toaJuree of the present 
Invention restdao In thai ultra-fine metal wires era 
precisely cut a! a constant length. , 

Another crracaJ feature (a that the chips cut 
from the ultra-One metal wires era heated to a 
tamperature above Die melting point ao as to be 
ephoroldteed. A description wil be given of this 
critical feature. In general, motten meUI exhibits a to 
large surface tension, so that a fine eo*d metal 
heated to e temperature above the melting point 
naturally tends to form a sphere. From a theoretical 
point of view, therefore, ft Is possible to form a 
metal sphere by preparing a metal aofW ol the rs 
same mass as thai of the sphere to be termed, 
melting the metal aoUd and then slowly cooing the 
melt to allow ft to Mfidity. 

Needless to say, thee Is * limn In size at which 
the force of gravity exceeds the surface tension to » 
thereby make the sphere to have a flattened farm. 
Flattening by the force of gravity, however, does 
not cause any problem In the Invention because 
the influence of the force of gravity Is materially 
negligible due to extremely smalt sin of the » 
spheres, a.fl., 0.5 mm or smaller. 


drtons for putting tne production method to a prac- 
tical Industrial use. As a result, the inventors have 
found that the rbOowlng conditions (1) to <S) era 


(1) Spheres of a o 
the volume of the material pieces Is constant, 
even when tha rnaterial pieces have irregular 
forms. The use of a wfra aa a blank material Is 
therefore preferred because it enables an easy 
preperaficn of a large q^avitrty of material pieces «o 
of a constant mass. Namely, * large quantity of 
material pieces of a mas* can easily be pre- 
pared stmpry by cutting a wire at a constant 
pitch, provided that tha wire has a constant 
crass-sectional area. The cross-eactionaf area la «s 
preferably minimized to minimize any fluctuation 
in the mass caused by error in the cutting length 


<1) above, ft b preferred that the above-men- 


tog toe second condition, I*, formation of one 
metal sphere tram one vrtra chip. Through an 
Intense study, the Inventor* have found that the 
tendency tor the metal wee chip to be divided 
Into two spheres Is reduced to a satisfactory 
level when the length of the mete) wire chip 
doe* not exceed 100 Urnee the diameter of ihe 
eama. when the blank wire has a circular cross- 
section. Taking tote account also the dtmen- 


(2) When a wto> la used as the blank material, ft so 
Is necessary that the ratio of the length of the 
chip cut from the wire to the creea-eoctlonal size 
of the same b carefully selected because, when 
the ratio 1* too large, the chip may be divided 
into two metal spheres when moKen by hooting. ss 
Although the melt wire chip preferably has a 
large length while the cnxra-eocrforial dze Is 


It is. 

ratio of the length to the diameter of the metal 
wire chip ranges between 5 and 100. and more 
preferably between 6 and 60. 
(3) It is necessary that adjacent metal wire chips 
have to be spaced by a minimum distance dur- 
ing melting, for otherwise molten chip* may 
merge in each other to form a greater spheres 
than expected, to addition, tha metal wire chips 
msy be doformed by application of beat to 
ordsr to avokj such a problem, ft Is necessary 
i ere spaced by a pre- 


<«> The surfaces of the metal wire chip may be 
oxidized or part of the chip may be dissipated 
by evaporation durtng the heating. This causes 
undesirable effect auch as reduction of the yield 
due to contamination of the bump surface which 
to strictly required to be ctoan. ft is therefore 


sure far certain Kinds of metal When the metal 
used has a high vepor pressure, H is also neces- 
sary that the melting b conducted to an at- 
mosphere of an Inert gas ao as to prevent 


(5) The temperature to which tha metal wire chip 
Is heated only needs to be higher than toe 
molting point. Heating to an unnecessarily high 


prevent any change to the metal composition or 
degradation of the bump surface. The Inventors 


0 to 1 

temperature of the metal, to be more precise, it 
is preferred that to* heating temperature is se- 
lected to be tow when the size of toe metal 
sphere to be obtained Is small, when heating to 
a comparatively high temperature is unavoid- 
able, It b necessary to minimize Ihe period In 
which toe metal wire chip Is hold at such * high 
temperature, thereby preventing evaporation, In 
such a case, II Is also preferred thai toe rate of 
cooflng to ro-eo*diflcaiion Is Increased to pn> 
htoll growth of coarse dendrite, thereby prevent- 
ing 
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Fig. 1 I* an fflustraflon 
the method in 


with the present In- 
vention, snowing crtpe cut from a to metal 
wire and arrayed on row* on a flat bottom of a 
crudbtei 

Rg*. 2A and 2B ore llfostreixxrs of processes for 
«rtttoga wire into a largo Quantity of chips of a 
pftodfttaiJibvud length; 

Rg. 3 b a graph *howing rjstrfbutton of sizes 


Rg. 21a is a schematic Illustration of a base 
plate and a pressing cover used to s ninth 
embodiment of toe present Invention In which 


wcomfc 


Rg. 4 1* s schemstic 
In a second 

Son; 

Rg. 5 (S s schematic 


mustratton of a cutting step 
of the present invon- 


niuatretion of a modfflca- it 



vice used in the Ofth 
Rg. 17 b a achenutec 
which Is used in a heat 
bodbnent of the present 
Rg. 18 b a 
which Is used In a 
embodiment of the 
Rg. 10 


step In a sixth env- 
oi a device 


Rg. 20 b a schemstJ 
which Is used in e h 
nt ol the pre 


Illustration of a device 
iting step of en eighth 


Rg. 2ib is a acftemattc side elevations! view of 
the base plate and the pressing cover which sr* 
brought together 

Rg*. 22 and 23 are "lustrations of a method tor 
stretching to metal wires on the base plate In 
the ninth embodiment 

Rg. 24 b fflusntfon of the base plate of Rgs. 
22 and 23, on which the to metal wires are 
stretched, and a proeser cover fixed thereto. 
Rgs. 25 and 28 are Illustrations of a presser so- 
used In the ninth embodiment; 
Rgs. 27 and 28 are illustrations Of different 
examples ol the base plate used in the present 


Rg. 28 b an Illustration of s modlBcatton of the 
ninth embodiment to which three bass plates are 
used to stack: and 

Rg. 30 b an illustration of a modification of the 
ninth embodiment m which fine metal wires are 
befbrahand prepared in a 
eOmtnate Ihe noceealty for a 


(First 

A first embodiment, which wilt be described 
with reference to Rgs. 2A and 2B. is effective In 
cutting a line wire at a high precision without sUow 
tog any alack of to* fine wire. More specifically. In 
(he method shown in Rg. 2A. a bundle of tone 
metal wire* b enctoead to a aheath 9 of a reato 
such as vinyl chloride. The bundle with toe sheath 
is then cut Into pbcee of a constant length and 
than the sheath ot *ech piece is broken, wbenfoy 
metal wire chips 0 of a predetermined length are 
obtained. This method, however, Invoivee a risk In • 
1 a too targe number of wires are bu> 


pafred due to bend or twtst of Iretependem wires tn 
Ihe sheath. Rg. 28 shows a method to which a 
muttpiictty of metal wires 2 are laid In pars&el and 
sandwiched between two tapes 4 and S. and this 
sandwich structure Is cut at a predetermined width. 
Metal wire chips of a predetermined length are 
then obtained as the tapes era aopareted. to this 
method, at least one ol toe topes should be an 
adhesive tape. The other tape need not efwoy* be 
e<rne*fve. Namely, toe covering tape may be a 
sheet of paper or to* Ike. With this msthod. it ii 
posetbie to obtain metal wire chips with an auto- 
matic cutting apparatus having a wide cutting 
blade. The metal mre chips 0 thus obtained are 
arrayed on a crudbto t mado of * material which b 
not reactive with the metal ol the vrire chip*, as 
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shown in fig. I. Ftoa metel spheres could be 
obtained with ■ high degree of unitormity In str». 
•' by heeitog 0»n matt wire dtips In the cnidbte. 

Cutting tit the naatjaj wires Into chips could bo 
conducted wfih • vary snail arror of tO.1 mm or 
less by a comroorclafly avaJtebte cutDmsOc cutBne 
device. Hna matsl wtre chips cut at tha predator* 
minad length «m piacad at a (pacing greater than 
a p rodss w min e d Bmfl valua. to • crucible mad* of a 


16 (Sheen) gdd wires of 23 um dk 
adhered to an sdhestve tapa of 18 r 
paraM and at a pitch of 1 nun. tr 


material heving a smaO wettsboty to lha wire me*. to In Rg. 29, A paper tape of tha eame width as the 


eJ. e.o, graphite, and went heated to « 
atmosphera of an Inert gas. As a f 


s tapa was adherad to the adheshe tape, 
such fhd the a%ee are aandwtohed between the 


to acoon of ma aurtace b 
ao the metal wbe chtoe were molten, t 
mass ware cuded to soScQfy without loosing (hair 


of tha flrrt embodsnont ara shown below. 


was ■scad by an automaflc steer at a 
Constant width of 0-56 mm. Thus, each sacs of the 
sandwich structure had IS gold wire chips of the 
constant tone* <*" &S5 mm. The sSces wBh tha 
tapes were placed In a graphite erudbte end heat- 
ed at 500 'C in aiinu s ph ors to bum lha tapes. 


the gold were chips wera heated to 1I70*C by 

Copper wirt* of 0.1 mm dU. were cm Into wire torn sizs were thus obtained after removal of the 

chips of OJ mm tong. and the Una copper wire festdue of the burnt tapes. In Working Example 3. 

wera piacad on a flat bottom of » toe heating was conducted In two stages. The fan 
stage, which was conducted tor tha purpose of 
bumlng toe tapes In atmospheric air at a tow tanv 
porature, to not aiian t laJ but b pratsrabfy adoptod 
perttculaity in tha case where the material metal 
a high roactMty as to react with the 
tmpurRtoe In Che tapa matarial and to avoid any 
reaction between such impurities and the crucible 


t a pitch of 2 mm or so, 
toOowad by heating at I12D*C to a vacuum tur- 


The copper spharae We e 
eurad. The sphsras had a mei 


rot 022 jo has i 


02 4 mm a nd 021 mm. thus provtop a hjQh degree 
of uritorrntty of the stze. 

Diameters ware meesured on 245 samples ex- 

raauit baing shown in Rg. 3. ft wtD be swan that the 
ctametors of aO the aejnpla apheree ranged be* 
tween 78 urn and 84 urn end toe mean dbmetorb 
60.1 urn with s standard deviation of 1.7. thus 
were ohopped by tn automatic cutter Into pieces of «o proving rsgh degree of uniformity of the sphere 
08 mm tong. Aftar the cutting, tha ahaaih of vtoyt 


Tan gold wtes of 46 urn da. were bundled 
and dad in a shesth of vtoyt chtortda as shown in 
Fta- 2A. A pejratOy of dad bundles of gold wire 


chtortda was removed and gold wire chips of an 
equal length ware taken out The gold wire cNpa 
thus obtatoad were takj in a grepNta csuctos* hev> 


J by cor 


pmhJCtnQ HHsthod hava • wio> stx*) distribution. In 
ardor to safctct tph on >s of a spactftad 1 ranQa od sizs, 
too • »st bottom at e posh of about i mm. and the -a therefore, ft has been naceassry to dasstfy the 
crucible was put In a vacuum chamber tor heating 
at 1080* C by todudton healing method. 

About 0000 gold spheres thus obtained were 
sieved with a #120 mesh standard sieve (mash 

tauduce. without requiring siavtoo. motel spheres 
with such a Ngh degree of uniformity In size ss to 
eneble tha spheres to be dbsctJy applied to uses 


a by. for example, sieving, so as to n 
s which do not fa! wttnto the spodflod range 
of diameter. According to the first ornbodknent of 


aperture she 125 tun). AS the gold aphares passed 
i sieve. The gold spheres « 


through a stove of /1 40 mosh {epafturs dza 108 
um). None of Che gold spheres passed this stove, 
i of 100 « 


wan 117 am and the standard c 
From the results of lie sieving end measurement, 
ft Is urtoerstood that 


t-Q-. bumps, ctrnply by cutting biank matt wirtw Into 
ctu chips exactly at ft constant tanglh. Pbi iT»ors» 
thsfft Is no reattdtoQ tn the conipoft B on and purity 
Of tho mcta* which sr* «r>countt>*d In tTto pro<*jr> 
don of bumps by ptoHrtQ, thus aOorttfinc, a *ricta 


setocsdn of the metals end alloys ki accordance 
wtth the nature or purposes of use of toe spheres. 
The present brventiun Is be tie spy Intended tor 


once at el points whan the cutting bj necessary. 

The second ernbodanant, therefore, is a resuQ 
of a study for eetjbBshbg a method which enables 


appSftd to p t w^MC fl ftO of apharas of any eJaajrad 
stza dbtrfbutiovv by psovlclnQ a pndaftBfiiwteisScI cSs* 
trtbutlon of tha cutting tongth. 


s necessary. As a result of the study, the bventors 
wve toond that such an obtoct ts easily atWnwd by 
BtflQ a Sp e cial cutting Jg composad of a ctack of 


t base plata mads of. for exampia, a hard 
m ctx ri d bft Cut tn a short tbria into chips of Cha 
t ol i cutting hsnrtno 
* onr a noo d Ina4rn> at a 

Cajn^tstfi^*w*ttiwh la<sc8nQ rTeScfianlsiTk. Th# first anv ts constant pitch cujaauoncttno to Chs* tongih of tha 

chips to bo obtatina(l 
snttoven- to Cht» errtxdtowra. aanraton rmut ba pekj to 

V a t 


The Crst embodimant b very e 
uftreHtoo metsi wto> as a bump material is pre 
dsefy cut by a Imown cutting device havtog a 


it of thep 


in a sacond e 


rnatartsi ot a soft metal such as gold, drawn to an 
Is cut tou a cargo quantity of chips of « constant 
efadontty end will) a Mgh precision of cutting 



of chs I 

at both ends thereof, the array wfj be loosened and 
whan tha wires are cut st their one ends. A similar 
probtom is encountered when the fliti toi i of toe 
upper surface of the bass ptata b Ineuffldent The 
■M be used to a cfeen 


thereof, to order to out the utto 
into chips of o constant tongth « 


R b necessary that too degree of parallel of the 
uctre-Ane Bbers toid on the Oat base plats has to be 
aufllciantly high tD niinJrnizn orror of tha cut fl iwj 

pa/sjIWa Tha cun#no pnotslon also tsnds to ba 
ki'tuftbod duft ox tor axarnplat doagrniadon st tha 


pea>oa)d bi bwo or inonk layftwa on th# bacsa pbtav 
ThafsSonwa It Is pratarabry at*ok}ad to stacst to *rnny 


«ng of uOsHtoe metal wires or. D only one wee b 
to be cut , e cutttog method which providee an 
ejdremcty hagh cutting speed. The second erabodV 


cad wtth toe portions oj the slngte uttn 
wire atong the tongth d the wire. V 0 


length of toe uRie-Hue wires tor fbdng these wees 
In peraueL toe materlab d the sheath. aflTieetve or 
y cut to regube e troubloaome 


spring when toa wire b cut by the first cutBng 
edge, so that l u bseq u snt edges cannot out the 
r. B b, toaretoro. necessary that eS the 


makes use d en adhesive or tape which ere «p- 
pOed only to both longttudtod ends of the parmsal 
uttia flue wtose. so that no foxing material b ap pli ed 
" edtoeutoaHtoewirea. 


a cytndncal cutttng Pg b used, attention must he 
paid to keep toe axis d the Rg etrtctJy to parasol 
wflh tha stretched (Ore-fine metal wire. When a flat 
tabular cutting Jg b used, II is necessary that the 

held In peraJW with the upper aurtace d tha base 
plate or. at toast, tod toe direction In which toe 
edges d the cutBng lg ero en eyed in pa r all el to 
the tangitudtoal direction of the uitnHtoe metal 
so wVes to ba cut 


erred number d the uitnHtoe metal wbes to be cut 
are arrayed on a Bat base plate. The fbdng d these 
wires b done by applying an adhesive, tapes or 
ahoeths only to both ends of toese wires. Thus, the 
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j any un- flat plane, Tha cutting Jg 16, whOe being held In 


impurities In tha subsequent mefttog atop. 

Furthermore, atoce all the portion at the inter- 
mediate parts of toe uttnHIno metal wtree to be cut 
are cut s im ul t a neo u sly by a Jig havtog a pturaKy d 
dtsk-ttko a linear cutttog edges, ft b possible o 
obtain a large number d tAre-fine metal who chips 
d the constant length ahnpry by arraying the uftro- 


d rubber plate 3 on which the gdd wkos 1 wove 
sroby toe ultra-fine gold wires were 
cut at plural ty portions over toe entire length sub- 
stantially simultaneously. The gold wire chips after 
obtained as a resutl of too cutttoo. were mcrten by 


to use es bumps. 


uSra-flno metal wires are laid b made ol a material 


lasdcity, such as a hard rubber, plastics and so 
. The base plate made form such a material 


Raleiilng to flg. 6, a rnutfipactty d uttra-Ane 
metal wires i (gold wiree d 23 um db.) were 
bundled end tastened together d their both ends. 


so tod the cuffing pg can stand a tong use. Work- 
ing Scamp* 1 

Rg. 4 ts a perspective view schernetteaOy 


L Gold wtree ot 30 um 


were placed on a herd rubber plate serving as the 
base data 3. These gold wires were toted only d 
tootr both ends by means d adhesive tapes 2 
bonded to toe hard rubber plate. A cySndrtcal cut- 
ting fig 10, having a muttipudty ot dbk-0ke cutting 
edges it arreng e d d a pitch d 0.S5 mm. was 
roQed on toe top surface d the hard rubber from 
one end d too hart rubber plate towards toe other 
end, whereby ultra- Una gold wtree on the herd 
rubber piste were cut d a length d 0.53 mm. 

The gold wire chips after toe cutting were 
pieced to a graphfta crudbto so as not to contact 


aervtofl <ts a Rat base pinto 4 without any stock. 
Both ends d the bundto tastened by adhesive were 
fbed to toe base piste 4 by moons d adhesive 

cutting Jg 10 which b the same es that used 
- sttpto 1. l.e- jg havtog dIsk-ltVe 
edges 11 arranged d a pitch of i mm. was rotated 
» end lowered towards the polypropylene plata on 
which toe bundle d the uttrn-Sne metal wires was 
bead. 

The gdd wire chips obtained through the cut- 
ting were rndten by tha same process as the ftrat 
so embedbnent. whereby fine gold spheres optimum 
tor use as bumps were obtained. 

Thus, in toe second embodiment of the present 


umps used In. tor oxampte, 
can be obtatoad to a very targe Id 


whereby gold spheres for use ee bumps were 
obtained with a high degree d uniformity In dze 


The concept d Working Example 2 wBI be 
deecribed with reference to Fig. 5. 

A pturaftty d small projections 6 were provided 
on both ends d a herd rubber plate used as toe 
Rat base ptato 3. A continuous ultra-fine metal wire 
was stretched by being turned around too pmjec- 
Bona on alternating ends of the base piste 3, 
whereby e plurality ot runs d the uSra-ftoe metal 
wires were arranged d a constant pitch, to thb 
ease, a gdd wke having a diameter d 25 um was 


troublesome work for removing Impurities d uftra- 
ftoe metal chips before metttng to eliminated to 
enable a very efficient production ot bumps. 

[Third 


Thb amboclmerti provides a cutting method to 
which fine metel wire chips d a constant length, 
which are to be rooften to form bump*, can ba cut 
from fine metal wiree to a targe tot by a cutting 
means which excludes any possibility ot mixing of 
impurities such es components d edheslve or fil- 
ing materiel end which can supply the cut ftoe 
metal wire ohtoe to 


One gold turning around the protections so as to 
artCng Jg IS was used 
r d razor Wades 10 wera 
h that cutting edges of the Hade term a 


to a first cutting method used to tots embodv 
menl. a fine metal wlra b fed chrough a guide 


to fed out d the outlet end at toe guide by a 
precbtermtoed length, a cutttog blade provided to 
the vfcfcitty d the gdde b scfjvated to cut the fine 


metel chips are ewjajfy received by e receiver. By 
momentarily moving the receiver. It b coesfble to 
avoid concerrtralJon at toe wires to local portions on 


metel wire to pass therethrougri and a guide Y I The fottowtog two methods are c 


havtog an toaido diameter sOghOy greater than that 
at toe guide X When a fine metel wire advanced 
through the guide X b received d Rs leading end 
by the guide Y by a 


the method ot cutting todepondont tine metal wires, 
to a first method, a guide Is used which has s 
nozzle-Oka bora of a small diameter Just tor allow- 
ing the fine metal wke to pass th er ethrough. The 
so ftoe metal wire fed through this guide la cut by a 


tty at toe outtd at toe guide, to a second method, 
gukto b used as a guide X to 



each other and, 

when a fine metd wke led through the guide X b 
received to the guide Y by a predetermined dis- 
tance, a shearing b eOecisd b e tween the oppo si ng 
considered from the view potot ot ease d melting so e dg e e at the g u i des thereby to sheer too ftoe metal 


to toe next step. 


•Jtre. The first method requires a cutting ted dra- 
pceed on tha auttel skte of the guide. The cutBng 
cod, preferably has a cutttog blade da very small 
thickness audi as that of a rarer dnce U b required 
but etoo Impurities which lend to ss to out toe wire tote chips d en extrsmdy small 
tongth. The material of the guide should be se- 
lected to enable toe gukto to stand a long use. In 
perttoubr, In the second cutting method, II b pre- 
ferred to use ceramics or a herd dtoy be caus e too 
to cutting is effected by Che shearing caused by the 
aSdtog between tot ends d two guides. 

The One bore d the gukto should have a 
diameter which b tost for eftowtng the fine metal 


I as the 
lend to 

attach to Che bump surfaces Neediest to say, such 
ImpurtUoa should be removed before the metd 
chips are heated to a high mefttog tentperature. 


to the method d the first embodiment tor ex- 
npto. fixing means such as tapes ere used tor 


to be conducted bsforo the metting tor removing 
impurity sources, such as toe tape piece* after the 
cutting ot the wires toto fine metel wire chips, 
unless such Impurity sources are of a type which 


The 

dwto>sndlhewdldtoeborecte- 
d d too metel but should be on 
d %. The diameter d toe bore in 


the heeling. Such a sorting operation b extremely 
d ifficult to conduct R b therefore highly dealt auto 
chat the cutting step b ccmpfetod wfthout using the 


chips ere brought to toe molting stop without being 
toterfered by one another. « e pturaUty at metel 
wke chips c ont a cti ng one another are brought to 


bo about twice the diameter d the ftoe motel wke. 

so in order that the leading end d the fine metel wire, 
which may have been deformed by the preceding 
cutting, can be elided Into the bore without being 
toterfered by the brim d opening of thb bore. 

The fine metal wire b cut at a position to the 

as dose proxlrnlty ot the guide, by the shearing effect 
produced by the cutttog Hade or tho other guide. 
The cut wire chips are a tod 


Thus, the third emtxxBmer* la mainly aimed at 
providing a cutting method tor cutting fine metd 
wtros to such a manner as to e xcl ud e mixing ot 
Impurities end, hopefully, to mclltnte oantral at 
spacing d the metel wee chips teDng Into a re- 
ceiver. 

In order to achieve thb dm. it b necessary that 
en Wtependenl ftoe metel wire, without any treat- 
ment. Is cut et a Wgh speed and the severed ftoe 


g step In a good order. 


Fig. 7 b e schematic lauaaretton d > cutting 
method used to the tote} embodiment at the toven- 
ss bbn. A gdd wke d 30 um diameter was used ss 


were used as teed rdto 2a. 2b. These teed rots 2a. 
2t> a/a drtvon by stuVpor 1 motors (not shown*) so as m 


bore to • guide 3 to a position where cutting btodes 
5a. Sb M stations* Th* guldi 3 was mad* of 


end ban the Am metal wire Is ltd by tha feed roOs 
into the gukte 4. At tha (ha maul wire Is M toto 
tha gukte 4 by a pnjdatarmlnad kwjm, tha toad 


tad by ttia feed roCs la eerrtroEed by ■ drtvtog urit 
{not sfwwn) so as to ba equal to tha tongth of tha 
cut matt wim chips to be obtained. In this Working 
Bampta. tha driving unit wn tat to toad the win) 
at a pitch otO J mm. 

Needtess to tay. the cutting blade* 9a and Sb 
aw spaced apart Iron each other while the feed 
root are rotating to tod Die One metal wtre t. Whan 
one cycto of toed Is comparted, tha cutting blades 
ar* activated to perform one cycto of Cutting open- 
.Bon end than sat again at the stand-by position. 
After toe feed roBs conduct the next cycle of the 


4 Is latorely mcvod to cut the One metal wire. 

By thb method, a One metal wire could be cut 
Into Chips with a high degree of precision of the 


Thus, according to toe third embodiment, ft Is 
to cossfcu to obtain Una metal win chtoa which are 
to be molten to form bump* used In TAB method 
for example, In i large tot without .flowing mixing 
of impurwes. thus aflmtoaimg rtocess% tor a work 
tor removing Impurittoa In advance of tha eupeo- 
» quant rnatttng stop, whte avoiding merging of a 
piuratty of molten metal chips into e large sphere. 


a second cycle of Bw cutting 


4*0 oporabon la hus conducted se- so (Fourth Embocfimentl 
that the cut One metal wire chips am 


«ltow*d to drop hdapendartjy of or* another. 

In Ms Working Example, t oraphrta crucicte 
wtfh a flat bottom Is placed at a position where It 
cert receive the tiffing cut wire cntos and the 
position of the crucible is rrxxmentarty shifted upon 
each receipt of a cut wire chip. The cmtibie on 
which the cut wire chips ere placed can directly be 
put in a matting furnace, whereby bumps can be 
produced at a high efficiency. 

tn mis Working Example, cutting is effected by 
a pair of cutting blades which pinch the wire from 
eppcett. tides thereof. This, however, is onty Bk» 
•ettve end the cutting may be effected from one 
eld* of the aim by making use of a rotary blade. 


The concept of the second cutting method 
used in the third embodiment wtl be described 
with reference to Figs, at and 8b. Thb Cutting 
method, for cutting a fine metal wire 1. emptors 
feed mat 2a, Sb end a glide 3 which ar. the aome 
aa those used to the first cutting method 


which b different from thai used In tha third em- 
bodiment end tn which e blank 15 no metal wire of e 

a soft metal such as gold, which la drawn to a very 
amen diameter of 60 microns or teas suitable for 
production of bumps. Is out kite a largo number of 
chips of the desired length, at a high frequency 
and a high precision of cutting tongth. by cutting 

*» means which acetates any impurity such as com- 
ponents of adhesive or fbdng mttartaJ. while pre- 
venting mutual entanglement of the cut Una metal 
chtoa. 

Two type* of cutting methods ere used, to e 
sa Brst cutting method, the feadng end of a grfpeer 
which grips an end of the fin* metai wtre Is moved 
to extract the wtre from a guide by a prede tar- 


In the ctoee pradmlty of the gripper ts a 


In s second cutting method, a One metsl wire Is 
acted by a predetermined length from e guide 
by means of feed roils which are arranged on the 
outlet aid* of the guide end, thereafter, a cutting 



id both through tha guide 3 and the guide 4. 
aa shown In Fig. Ba. Then, the tower guide 4 b 
laterally moved by 05 mm relative to the guide 3. 
eo that tha una metsl wtre Is cut by sheering. After 
the cutting, the guide is resol to the fnMal position 


the view point of ease of the subsequent 


This at 
tog a o 

mem of axtoston of mbttng of impurities and the 


and the grtoper can grto a new portion oi the wtre 
ol the cut metal wire chips. In such a manner as to which has not been substantially affected by the 

t the control ol spacing of toe cut metal previous grlpptog end cutting. Such en" arrange- 

a hokftipj means, Bvmfora, remarkably 
the reliability of an automatic system 
which pertorrna tht method ot this errtxxSmeni 
The fine metal wk. to be cut b intermittently 
oyor* extracted from the outlet elds ol the guide. The 

A mats) wire of an ordinary dametor can easily toncth d extraction In each extracting cycle oor- 

be Cut Into e muftipscity cf chips of a constant to responds to tho bngth of the cut metsl wire to bo 
length, by Intermittently pushing too wire by toed obtained. Tha extraction b conducted by the feed 

rollers and activating a cutting device In each Inter. rotis or the holding means provided on the outlet 

val of the teed, tn case of a dno metsl wtre havtng tide of too guide. The cutting b condudad by 

si) extremely smaB dtemeter. however, the feexftng cutting blades which are arranged tn the dose 

precision ftootf tends to be impaired due to flexing t prwdmity of the teed toilers or hokfing means, 
of the wire pushed by the feed roBs. ft hos become Cutting opereflon suitable tor mosa-prrxtecllon was 

dear that tttt probtom can be Overcome by ex- successfully executed wBhoul causing any bend of 

tracBng the wlm through a guide. The toOowtng the One metal wtre in the guide bore or ctoggtng of 

methods were found effective for Imtermfttontiy ex. the bore by the mYs, by virtue ol the tad that me 


The Brat method employs a hoMtng means of the guide rather than by being pushed into tha 

audi aa a g ripoer which grips pan or who* of the tiny guide bore, 
leading and portion of the lute metal wim which is 

to be severed. The hddtog means is moved away Working Example 1 

from th* guide by t dstance corresponding to the a 

tengtii d the metel wtre chips to be esvsred, there- Figs, g, to H actvarnaticx** show basic opere- 

by extracting the Una metal wire. The second eflec- Bon d this cmboSmom A gold wire of 20 wn die. 

ove method emptoyi toed roBs arranged et the was used at in* Bne metal wtre 1. The fine metal 

outlet aide d toe gukte. The toed rods are driven wire 1 b extracted downward through a guide 2 

by. tor example, stepper motors one step d which x mad. d quartz enj having a bore d s diameter d 

corresponds to the length at which the fine metal 30 urn. The leading and d the fine metal wire 1 

wire b to be cut According to these methods, reaches the space between the cutfng btectoa 4*. 

troubles such as bending of the She mett wire, 4b which are to separated state past the space 

which it ceueod ^tfeflmmetainretsfodfc, between hofdtog members Se, 3b which eteoareln 

pushing forward, to eliminated. In addttton. a ten- si the separated state. A clamper denoted by Sa. 5b 

ttency for the tin. bore d tha guide to be dogged Is disposed at the MM side d the guide 2 to aa to 

with the fine metal wire b greatiy wppressed. prevent the fine metal wire 1 moving naturally toto 

Mechanisms for extracting a fine metal wre at the gukte 2 (see Fig. Ba). 

a constant pitch are thus reaSzed. The Inventors As the rfrrt «ep d the operation, the hotting 

a t study to find a cutting method « members 3a, Sb, made ol ceramics, were brought 

negation ««h Ossotoed f~dtog together to ptooh and fix the ftoe rnetai wire 1 from 

...duwu. m wder to attain a high precbton d the both skies thered toae Fig. 9b). 8ubseo^err9y the 

cutting tongth, ft b necessary that the cutting damper 5a, 5b was moved apart and the holding 

blades ere activated while the portion d th. wire as members 3a, 3b grtpptog the fine metal wire I 

near ss possibto the cutting bJvfea Is nrmry Oxed. It « ».*. rtKMod downward by a distance d. Razor 

the wire b fixed at s position spaced from tha blades were used as tha cutting blades 4aT4b. The 

cutting aaOm, the 8r» rrwtal wire Is larger, moved cuffing blades 4*. *b were to constructed that they 

by the movement d the blade rtsatf, with the result moved vertically ts a unit with the hoktinc; rr*m- 

that the cutting precbton b Impaired correspond- bars 3a. 3b. Thus, the cutting blades 4a. 4b wore 

Ingry. In sdttticn. iho tlxing portion should be detar- ts moved downward by tha dbtanc* d as a result d 

mined to be as close as potato- to the end d the the above^7tentioned downward movement d the 

fine metal wire. Further ft b preferred to grasp an holding members 3a, 3b (see Fig. 9c) As a result 

extreme end d the ftoe metal wire, which U going d the et»ve^eecr1b*d cpemtJoo, the line metal 

to b. severed, at the outside position d the blade wire waa extracted by the tongth d from the gdde 

rather than a position Intermediate between the m 2. 

gukte and the cutting blades, to such a case, tha The damper 6a, 5b was then dosed end th. 

portion d the (be motel wire, which he, been cutting bUtoe 4a. 4b were activated to move hori- 

deformod by the srlppor. ia severed off the wire urrtaty to cut tha Rue metal wire 1 fast Fto 9dl 


11 


The cutting blades 4s. 4b were reset to the wstQng 
posittons ^medatdy after the cutting and the 
holding members 3a. 3b worn moved apart so aa 
to release the fine metal wire i thereby aBowtng 
a chip 10 to drop {see Fkj. Se). 


rotate by an angle corresponding to one step so as 
to extrad the leading and portion d the fine metal 
wire i. whttt both the hotdtog members 3a, 3b and 
the cutting blades 4a, 4b are to their spaced pos> 
- Then, the hoklhg members 3a. 3b are 



s d. Le» <X3 mm. 0.5 mm and 0 _ 
ki each casaT tha cutting could be dons with a 


to Working Example 1 described above, the 
damper Be, 6b has a rde to prevent tht Bne metal 
wire from being returaty moved toto or out of the 
gukte when the holding members 3a. 3b which 
damp the Sne metal wire at the gjde outlel are set 
to the releasing positions. Thb role, however, may 
ba performed by a suitable moons other than the 


cutting length d 0.4 mm. 
Workino Ewmpio 4 
The method d toe ft 


i wire at S high 


. ( 2, the guide 21 has s 
spiral rormsosstoptoy also the role of the 
Clamper. The lidding members 3a. 3D and the 
cutting blades 4a, 40 ware the aame as those used so 
In Wortong Example |. Acccrrting to thb arrange- 
ment, a certain resistance Is produced by tha wafl 
d the spiral guide 21 when the fine metal win l la 
led through the gukte 21, so that toe extracted fine 


K Is p 

» eternontt for a piuratJty d todepandeni wires ao as 
to simuiuneously process the wtre* In a parallel 
fashion. Fig, 12 shows an example d such a sys- 
tem, arranged tor stoiuitsnsousry cubing tour-fine 
metal wiree. The guide 2 used in thb Wortdng 
is Example b made d ceramics end has a spirt-type 
construction composed d two halves having com- 
plemantary grooves which to cooperation define a 
passage tor the fine metal wire when these hdvee 
are brcught together. The feed rata Ba. 6b abo ate 


Ccntewietiuy. cutting was effected with a high 
precbton as in Working Exsmpto 1, deepfta the 
absence d the clamper. 

Working Example 3 

Fig. 11 b a schematic Illustration ol toe eppera- 


mado d oeramics and am grooved to guide the 
Una metal wire straight The rdb are driven by 
stepper motors which are not shown to thai tour 
fttometel wires 1 are extracted d one by an aqua) 

The holding mernbort 3a. 3b. as wen ss the 
cutting blades 4a, 4b, can sirndtaneously act on 
the tour One metal wires. The toed rotta are rotated 
while the wires are freed from the holding mem- 


metai wire. 2 denotes a gukte, 3a. 3b eenota hok> 
tog members and 4a, 4b denote cutting Mattes, 
Feed rdb 6a. 6b were placed on the outlet tide d 
tr«guk»2.Th«fiK)o ro ibr3e.6b,rr«ded corem- 


•? fine metsl wires by a redetermined length. Then, 
the holding members are actuated to fix the enda 
d the tins metal wires, foflowed by adtvttion d th* 
cutting blades 4a, 4b tor cutting the Bne metal 


Gold wires d 20 m da. ware unttartnly cut to 
wire chips d 0* rnm long by toe described met 


can be cut piadseiy without causing the Bne metsl 
wires to contact any Impurity. In addition, the cut 
wtre chips can be taken out in t asperated state. 


a position which Is 10 mm 
end d toe gukte 2. The teed rub were driven by 
stepper motors which ere not shown, eo aa to 
toternilttenfly extrad the tine metal wire at a con- 
stant length from the outlet end d tha gdda 2. to 
thta Wwidng Example, the portion d the fine motel 

wire to be cut it automatically moved to the posi- et [Fifth Embedment) 
ton d the fine metal wto* ao that there b no need 

for (he holding members 3a. Sb end the cutting Materials d bumps era 

Made, 4a. 4b lo be moved vertical The teed rolls Wires formed from a bump m 


ftoxfbte thai ft Is undedredy bent by the forco of 
gravity, making It dtfflcuS to handle, ki order to 
enhance the precision d the cutting length, k b 
necessary that the tbxuraf metal wire be tod pre- 
cbdy at a predetermined pitch, ft is, however, 
cxtremoly dfficdt to precisely feed a Sne wks d s 


several tons d microns and about 10 microns at 


to view d the etovoKtoscrfeed problem. Thus, the 


a nne metel wire to be cut erfldentty md pradsery 
Into wire chtoa d a predetermined tongth and 

tC4jrth em to dr* 0 * ^ to °" 8 OSOd to " 

The method d the fifth emtwftnent has the 
steps of: ptDvkSng a first rofl having a ptunBty d 
cutting edgee formed d a constant drcurmVential 
pitch, a second rol contacted by the first rail, and a to 
guide portion between the first and second rctis for 
cutting a fine metal wire; and roctitogty driving at 
best one d toe first end second roBs ao as to 


al wire by tfw cutting edges. 


pair d rdb 6a, 6b arranged betow the guide 4. 

A metallic cutting roB 6a (Brst row) has a mui- 
BpOcfry d cutting edges 22 which are errenged at a 
constant drc um teronUal pilch as shown In Rg. 13. 
The pitch of the cutting edgee 22 b Determined by 
the size d spherical bumps to ba obtained and the 
dameter d toe fine metal wtre used as the ma- 
tortol, to thb Working Example, the otter, of the 
cutting edges to set to be 0^5 mm, in order to 
form spherical bumps d BO urn dbmeter from a 
gold wire d 20 mm tn diameter. 

The pressing roll {second rod) 6b has an outer 
peripheral surface region made d an elastic ma- 
tonal denoted by 25. Thb elastic malarial b used 


surface region mads d an elastic materia). 

In thb embodiment, the fine metal wire gteded 
by the gukte portion b damped by and puUtd toto se 
the nip between both rdb, to that tha wire can be 
precisely advanced even when it b highly flexible. 
In addition, it becomes posstxe to cut the tint 
metal wire rxedsoty ton metal wire chips of t 
predetermined tongth by ctotigning the first rofl at 
such that the pitch d the cutting edgee b equal to 
the cutting tongth. The eecond rofl. when provkted 
see region mads of an elastic 


30. The pressing rofl Sb b provided with a cutting 
load adjusting mechanism ft. This rnechantom b 
adapted tor adjusting the pressure d contact be- 
tween the cutting roil 6a and the pressing rol Sb. 
The axial tdekness d the rdb 6a, 6b (measured In 
too direction perpendicular to the crewing sheet d 
Fig. 1) may be as smaB as about 2 since the 
diameter d the ftot metal wire b vary smalL The 
diameters d those rdb 8a, 6b may be about 10 
mm or so. 

to general, cutting d a fine metal wtre toto 
chips of a prectotsrmined length by reeding the 
wire forward by feed rdb atone encounters with a 


The ruth embodiment d the present Invention 
wfU be described in more oetaS with specific refer- <s 
enoe to Rgs. 13 and 14. Pkj. IS b e schematic 
lUuetratlon d an arrangement tor contocting cutting 
atop for cutting . fine metel wire In the fifth em- 
bodiment, while Rg, 14 b a schematic enlarged 
view of roftsre during cutting d a rtne metal mre by sa 
the cutting amngement shown to Fig. 14. to thb 


as tie ftoe metal wire. 

The cutting atop tor cutting a tine metal wire In 
the Wortdng Example 1 b conducted by a cuffing at 
arrangemed which Induces feed rdb 2 for feeding 
forward the ftoe metal wtre 30. e guide 4 made d 
quartz and having a Bne bora ol 30 urn ate. and a 


the ftoe metal wtre 30 to the Initial setting d tha 
apparatua Thus, the feed rolls 2 merely support 
the ftoe metal wire 30 and do not positively feed 
the same during operation of th* apparatua. In thb 
Wortong Example, the extraction of the One metal 
wire 30 is effected by th* pair of rdb 6a. 6b as will 
be understood from the toflowtog deecrtotlon. Thus, 
the feed toto 2 ere not todbpanssble. 

For cutting the fine metal wtre 90 by the ar- 
rarsjement d Working Example 1. the leading end 
d the Bne rnetai wire 30 b threaded through the 
nip between the reed rdb 2 and the feed roOi 2 
ere driven by. tor example, stopper motors which 
art not shown, ao that the fine metal wire 30 b 
Introduced Into the minute bore ki the Quids 4, The 
ftoe metal wtre to therefore guided toto the dp 
between both rdb 6a, 6b through the guide 4. 
Suoeequentiy. both rdb 8s, Bb are driven by a 
driving device which b not shown. Consequently, 
the fin* metal wire 30 b clamped by and attracted 
toto th* nip between the rots 6a. 6b. to this Work- 
ing Eremplo. the outer peripheral ronton d the 
pressing roll 6b is termed d tn elastic material 25, 
eo that the line metal wV* can be clamped and 
attracted without any risk d breakage, to addition, 
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* targe Meltons! titration torn it dwtlopad to 
pul Am Sna metal win Into 9m rap a t w— > these 
rotb Oa, 8b, bd that the On* metal wtre » can be 
d prec ise ly wfihout any sftp. Whan the fine motaJ 


ha* • rounded ado* which hnm to attract to* Bee 
metal wke 90 In cooper at ion with to* static mem- 
ber 2S. In toe Working Exampb ?, theretoni. * b 


wire 30 has reached a position on a On* which f possible to damp and attract the arte metal win 30 


tntarooRnects the centers of both rofis 6a, 8b, th* 
force exerted by toe cutting edge 22 on the Una 
metal wire 30 and toe *b*tfc material b maxlmbed 
so ax to cut toe Bne metal we* 90. B b toua 
possJbb to pufltne fina metal wbe 90 and cut toe 
aame precbaty at a constant pitch (pitch erf toe 
Cutting bbdaax simply by driving the rotU 8*, Bb. 


h a greater frictions! force than in toe Working 
Exempt* t. by virtus d toa co opar a flon between 
toe rounded presstog teeth 24 end toe abate ma- 


device 10 remo ve* any residue ol toe metal, o-g, 
gold, aocumutatad on the cutting edges 22 during 
continuous culling, thereby pre ve nti n g toe cuffing 


From toa view point of toe production of the 
pressing roll 18. It b not easy to resize such a 
ansa pitch of cuffing edge* 22 a* in Working 
Exampto 1. bacause toe cutting edge* 22 are 
formed atenetafy wfto toe pressing teeth 24. The 
dbpoaad under toe cutting rod Oa. The cteontog rj Working Example 2. therefore, b suitabto tor use to 

the case whore too Cm mnaa wse 30 b cut at a 
comparatively large cuffing pitch. For Instance, 
when apnericai bump* of a dbrnetar around 120 m 
are to be formed, too Sna* metal wire 90 should be 
g precision white avoiding any toterior cutting. » cut at a pitch of U mm If the dtemeter of too wax 
90 b 20 um as In toe case of Working Example t. 
The cutting rotb 15 having such a ccrnparsbvery 
targe pitch can be produced without dtfOcufty. Ocv 
er pofnte of operation and advantages are rhe aame 
constant pitch. It a (horefarw possibto to stafrfy » a* those of Wortdng Enmpb 1. 
■unset the One metal wtr* into to* nfp between 
thee* rotb by to* friction** force end to cut the into 
chip* of a constant length wfto a high precision, to 
addition, to* length of cutting of toa Bne metal wire 


1. one (shown by Bb) of toe rati has a peripheral 
surface region made of an elastic material, whOo 


Ho. te b a schematic enlarged view of roes 


i be varied by varying toe pilch ol toe cuffing so cuffing a ftoe metal wire In I 


edges. In addition, the speed of cuffing of the ftoe 
mate! wire can be Increased since toe mechanical 
action b only to rofatfngjy drive the rotb. 


netting step ao as to be formed into spherical 
bumps, to toe metting step, ft b necessary that toa 


being Interfered by one another. 

Whan toe described process for cuffing to* 
fine metal wires b adopted, toe a 


cuffing atap of Working Exampto 9 of Ms arnbodV 
ment The Working Exampto 3 b oVtorent bom 
Working Exampto 1 only In that toe outer periph- 
eral surface of to* pressing roll 20b b corrugated 
at to provide pressing teeth 27 to that the fine metal 
wfre 30 can be attracted into toe rap between rhe 
rotter* 0a. 20b by a greater frictions) fraction force 
then In Working Example 1. In V 



Rg. 16 b schematic tnterged view of rotter* 
cuffing a she metal wire In accordance with a 
«*8ngmetood of a Working Example 2 of fits 
embodiment. The Working Example 2 b dlscrimf- 
natad from toe Working Example 2 In tost toe 
cuttro ran ifte of toe Working Example 2 b pro- 
vided wfto pressing teeth 24 arranged sttortwtaty 


22. so tost toe arc length of the tooth 27 
" length of cutting of the One metal 
wire 3a The corrugated p r e eato g teeth 27 may be 
made of an ordinary metal or of an etotiic material. 

to the cutting atop tor cutting ftoe metal wtr* In 
Working Exempts 3. toe ftos metal wire 30 b 
putted Into toe ojp b e tween toe rotb along en 
•roust* path. TMs wortdng Example Is therefore 
suitable for use to too cases where matartab which 
are flexure! but resistant to tearing when flexed. 
e.g„ copper, are used as to* material* of toe ftoe 
metal wires 30, 

In the foregoing ctoacription of Working Exam- 
ple 3, toe cuffing operation was sxptatoed wfto 
reference to a case where a stogto fine metal wire 
b cut. Thb, however, b only Illustrative and toe 


Needtess to say, to such s 
aery to correspon 
se* of toe reds. 
A* has been 

of the present Invention, 11 b possfbb to continu- 
ously cut a One metal wbe wfto a high degree of 
precision of the cutting bngtti by a simpto n 
rusro lHfri*t tfa iQ * ptif of roCj ont of x 


n so aa to b* sphsrokQzsd by 


predetermined pitch. It b> thus possfble to obtain a 


The Id on to* bottom ol the furnace core tube 

How of afr through tote lube. 

A wrjridhg aia m pb of toe present errtoodknenl 
w0) be deacrtbad betow wfto reference to to* ao 
compenytog drawing- fig. 17 b a schematic db* 
d In thb working exanv 


aphanxdbtog step which b toe second critical fea- 
ture of toe method of the preeent Invention b 
d by arraying the ftoe metal chips cut In a 



chtps end than soeduytog toe seme so as to form 
spherical bumps by making use of toe surface 
tanston of the me*. 
Thus, in toe 


» shown to Rg. 17 has • fumaca 
tube 2 eervtog as a p 
metal wbe oMp 10 fafb. a heating fumsce 4 tor 
metting toe metal wire chip 10, and a id 6 for 
coeecttoo ftoe metal spheres 20 formed, a qu a r tz 
gtass having an inside dbrnetar of about 5 mm end 
a length of about 1000 mm was used as to* 
furnace core tube 2, end * vertical rl 


spheres, toe cbtos of * consfjatt length cut from a 
One metal wtre are arrayed on * eruefbb at a 


nace 4 was 1300* C The rr 

toe heating furnace ♦ was eat to be twjbor than th* 
meffing point of goto to order to positively host up 
the metal wire dtp freely fating to a tonvperatur* 
wito a tsgh degree of urilforrnfty of sbs provided at higher tosn toe matting point The Id 0 b formed of 




a metal wtr* at a 


chips, as woo" as for collec t i n g the formed fine 
to vtaw of thb tact a s 


stmpte devtoe P,W * tMdonc * 

The s p her oldbln g step adop t ed to the sixth 
embodiment b chorecssrfaed by to* use of a verti- 
cafty oriented furnace core tuoe arranged In toe 
heating means. The cut metal vrtre chips are ai- 



a BBsd to to* tower end of to* 
furnace core tub* Z The ad 8 serves to present 
occurrence of an upward air now caused by to* 


interior of the furnace core tube 2. 

A metal wtr* chip 10 cut by a On* metal wtr* 
cutter (not shown) was made to tall from above toe 
furnace core tub* 2 to enter toe furnace core tub* 
2. When toe metal wire chip 10 entered the heating 
furnace 4 by taOng In tie furnace core tubo 2. toe 
t emperature of to* meed wbe chip to was abruptly 
Increased. The metal wire chip was monad whan 


meffing potot of the met 
change In *hap* to • moften state to become 


aton thereof b targe. The shape of the molten 
metal was therefor* changed Into ■ spherical shape 


• out of the heating 
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furnace 4. the temperature was abruptly reduced 
and toe metal started soucBfytog. Ftosfly, a metal 
sphere too to the ad 6. fine metal spheres 20 
soaV£fied and formed uniformly and compietety 


turod by melting • freely faffing metal wire crap 
wfto a heating moens end by utilziog toe torg* 
surface tension of toe motor metal. It b therefor* 
possible to provide a spherctttztng process which 


According to the method of manufacturing a to ms**-prcducavtty by a simpto apparatus, 

fin* metal piece in accordance wfto toto working 

example, no apparatus tor transporting rhe mots (Seventh Entoodtmant] 

wire crap b provided and toe meal wire chip can 

onh^be^put Into to* furnace core tube, irnmodateiy re In this embocfment e *ph*rddfetog process is 

ht# fflAtBl provfctod wrt*teh can b# binprcntvd Vi world noj o(*V 


ducbvtty can therefore be Improved. The apparatus 
for thb working example may have, tor example, a 

unit tor cutting a fine metal wtre to form wire chips rs metal spheres in accordance 
one by one u regular Intervals which unit b pro- 


chip trans- 
ported by a transport means b melted by being 
heated up to a temperature higher than toa metting 
to form toe metal wire chip 


corxtoct toe step of cuffing the One metal wire, the 

itep of spherwdUing the out metal wire chip and to and b thereby splwaofdbed. 

phere. to this embodiment based 


metals or afloya which have not been adopted, tt is 


J wbe chip b transported by 
d by being heated 


zs of the metal of the metal wire chk> during trans- 
portatiorL Th* surface tension of the moften metal 
b ao largo that toe molten metal changes In shape 
to become spherical by Itself. Th* metal wtr* efnp 
b therefore formed into th* shape of a fine metal 


to en working exampb. a gold sphere b manu- 
factured by ustog a gold wire chip. However, toe 

present tovefttion b not Bmtted to tob: other rnetab so sphere during traruawrtstion. 
suitable for bumps may also be used. OrdtoarOy. 
the speed at which the metal wire chip 


wfre chip and the metting point ol toe metal. Ac- 
cr*dtogly. It is necessary to change the size* of th* 


tor* If toe One metal sphere b manufactured from • 
different metal, to other case of some metals. II is 

The apparatus shown to Hg. 10 has a heat 
roabtent turn tabto 2 tor transporting metal wire 
chips 10, a motor (not shown) for arMng the turn 
tab* 2. a generaty U-shaped heating furnace 4 tor 
motttog the metal wtr* chip* 10. a coaecting con- 
tainer 0 for coOecttog ftoe metal spheres 20 
formed, and a guide 6 tor making the One metal 
to tob arrangement For exampto. Instead of using so spheres 20 on to* turn able 2 fan into too cotect- 


A first « 

at be described betow wtth reference to Rg. tB. Hg, 
18 b s schematic diagram of an apparatus used tor 
the One metal Sphere manufacture process, to thb 
working example, b gold wire chip (meal wire chip) 
rumose axe mpe ana me nesting Turnec*. toe having a wtr* dtemotar of 25 urn. and a length ol 

laxnpwetur* of the heeling furnace and other reo- « 0.55 mm b used end e gold sphere (ftoe metal 

sphere) having a diameter ol 80 um b rnanufao- 


toe Sd, a tower end portion of toe furnace cor* tub* 
may be worked ao as to be tapered, end One metal 
spheres may be cofbeted through a tower end 
opening, a ben conveyor or to* Uk*. tor oxsrnpb. 


2 b termed oi a 
coram* cxl r«u 1 drculto clap. t/Kl * tfarr*1w ol 
about 200 mm. The maximum temperature in toe 
healing furnace 4 b est to 1200'C aOgfiOy higher 
fa than th* meffing potot of gold (1080 "C). 

Each metal wire chip 10 cut by a ftoe metal 
wire cutter (not shown) b p lace d on the rum tabto 
2. The metal wirs chip 10 b rotated together with 


toe turn tabto 2. end tb temperature starts firing 
abruptly when toe metal wtr* chip 10 enter* the 
heating furnace 4. The metal wire chip b matted 
when the temperature becomee higher then toe 


of the motet Ordinarily, meteb 8 baft conveyor 3 must ti 


motor toot shown) for driving the bed conv ey or 3. a 
tunnel type heating furnace 4* for melting the 
motel wire chfpe 10, end a collecting container 0a 
for coJa s cfJng fine motel spheres 20 formed. The 


sax* tt pessss through the hosting rurnoce 
For toe baft conveyor 3, therefore, e beft 
id of a heat resistant steel chafra on which a 
of « 


change In shape to become spherical by them- 
•etvee in a moften stats boceuse the surface ten- 
sion thereof b large. The shape of toe molten 
metal b therefor* changed into s spherical thapo 
during passage through the heating furnace 4. n ueod. 

Each metal woe chip 10 cut by a fine metal 
wtr* cutter (not shown) b made to faO softly from, 
for exampto, above the baft conveyor 9. Th* metal 
wtre chip 10 is transported by the beft conveyor 9. 
container 8. Rn* metal spheres 20 ere thus Ob- rs ond Its tomperaturo starts rising abruptly when the 

metal wlra chip 10 enters toe heating rurnoce 4a. 
The metal wtre chip 10 Is melted so that Its shape 
b changed into a spherical chape when toe tem- 
perature becomes higher than the melting point of 
to* metal When metal wtr* chip cornea out of the 
heating furance 4a, toe temperature to abruptly 


e4. toe to 
stel stem 

Is made by toe guide 8 to ten into the estbeting 


To melt toa maeJ wke chip with certain reftabO- 
tty. there Is a need for changing the turn table 
•peed according to the hearing capacity of the 
heating furnace. 

The inventors ol tos present Invention actually 


Thus. In th* ftoe metal sphere manufacture 
process In accordance wtth thb working example, 
the metal wire chip b only pieced on toe turn tabto, 


thb working exampb may have, tor example, a unit 
tor cutting a Bn* metal wir* to form wire chips on* 
by on* at regut a r totervab which unit b provided 
above the turn labte, thereby making It possfbto to 
continuously co n duct the step of cutting toe fine 
metal wtre, toe stop of spheroidtring the cut metal 
wke chip and toe step of cosecting too fina metal 

The ftoe metal manufacture method to accor- 
dance with tob working exampto 1 can be appOad 
for metals or alloys which have not been adopted. 
11 b thereby possible to vestry manufacture On* 


meal sphere felb from to* belt conveyor 3 to be 
Cfrfbcted in the r^ofbettog container 0. Fin* metal 
spheres 20 formed uniformly and compteafy were 


in th* *bov*-d*scrib*d first and second worx- 
3 •oounptos. a gold ephere b manufactured by 


Don b not Omitad to tob; a different metal suitable 
for bumps may abo be used, to such a csso, since 
to* melting point dfttors acoordtog to th* kind of 
metal, it b necessary to txwreaponffingly eat the 
1 of the hosting furnace and 
of toe turn tabto or rhe baft 
conveyor as well as toe speed thereof. Abo. in toe 
case of sam* metot ft b necessary to reptece toe 
atirxapbar* to to* heating furnace 4 with a special 
gaa etmoaphsre to prevent chemical reaction to to* 
o hagtr-tarnporature heating furnace 4. 

Accordtog to thb embodVnent a* dsocrfbed 
above, a fin* metal aphor* con eeetty be manufac- 
tured by melting • metal wtre chip transported by 
by « 


) • composition suttsbb for as and by utilizing toe torg* surface tanston of t 


bumps at an Improved efficiency. 
Working Example 2 


The material end the sbe of the metal wire chip 
used are to* asm* aj thoae of the first working 


i. it b 

sphorceJMng method wntch cert be Improved in 
working efficiency and, hence, in mass-producatvtty. 


to Fig. 18 has s beft 
metal wire chtps 10. s 


in toe eighth embodment a high enorgy beam 
b used instead of to* rxuang*rurf3ng means used 
to toe seventh errtoodfrnerrt 

The process of sphtroidlxing metal wke chip* 
In the tin* metal sphere manulactura method to 
accordance with toe eighth ernbodsnent b char- 
acterized by comprising ■ step Ol disp os ing metal 


17 


win chips having a ocrtaln length on ■ t 
mean* whlt> spacing them apart, md a (tap of 
bracDatlng each tnatal wire chip wttn » htgrr-enaryy 
beam Owing mats) wtre transport proem ao that 
the matal wtra chtp fa heated up to a temperature 
hlghor then the marring point at too metal wtre chip 
tobamaUad. 


ttfe 2 was drtwi to mow aacfi matal wire chip 10 
to a Mgh-onarw twain rnadtetton poslton. Next 
toe metal wtra chip 10 was Irradiated won the Wgf> 
anargy beam to Da matted to thai It was hasted up 
« to a temperature higher than the molting Point of 
the moteL Ofdlnartly. molten metals neve a targe 
***** tenelon and can change in shape In a 


atmosphere hi 'order to prevent ensmjeaf reaction matal wire Is h 


rangemanL each ol metal wire chips Is Irradiated 
wrth a higtHonergy beam to be metted so that ft Is 
heated up to i temperature higher than the melting 
lemperatn ol the metal. The moton metal, which 
has a large surface tension, changes to shape to 
becoma spherical by rtaetf, U, to beoome a fine 
metal sphere. 

Also, a aght condenser means may be used to 
reduce *o minimum spot diameter of the Mgh- 
energy beam so that the fine metal wire chip can 
be Irradiated at a Ngh efficiency. 


Accordtogfy, the shape o« the molten matal * 
changed tote a spherical shape while 11 was being 
Irradiated with the high-energy beam. The metal 



J. Rg. 20 is a schematic diagram of an 
eppartus used In this e mbo di ment at this wortdng 
sample, a gold wire chip (metal wtra chip) havtog 
a wire diameter of 25 urn. and a length of 055 mm 
was used and a gold sphere (ft 
having a diameter of 60 urn was it 

The apparatus shown in Rg. 20 has a heat 
resistant turn tabs* 2 for transport* metal wtra 
chtpe 10. a motor (not shown) lor driving the torn 
table 2. a higr>er»Tyy beam irradiation unit 4 lor 
Irradiating eech metal wtra chip, a collecting con- 
tainer 0 (or coOecttng fine metat spheres 20 
formed, and a guide 6 for making the fine metal 
spheres 20 on the turn table 2 M kilo the collect- 
ing container 6. The turn boas 2 is formed of a 
ceramic ind has a circular shape and a dtometer ol 
about 200 mm. In this method, the haatad region is 


moved out of the Wgn-anargy beam Irradiation 
range by the turn table 2. and he neat metal whs 
rs Chtp was moved to toe high-energy beam Irradia- 
tion range. The metal formed Into the spherical 
to be 


star ol 80 urn. On the other hand, the next metal 
is wtra chip was Irradiated with the Nr/Hmargy beam. 
Thus, the metal wtrs cntoe pieced on toe turn table 


by the guide B to tall Into the ooDecttng container 8, 
thereby beinfl collected. 

H a high-energy beam formed by condensation 


so Rne metal wtre cfrtp* otxdd r/verefore bem 

s short ttne so that tt may be heated at en Im- 
proved efficiency by concentrated energy. 

Thus, according to the &» matal sphere manu- 
facture method of this embodhnerrt. the metal wire 
as chip is only placed on the turn tab**, end the 
proceeds to the 


working example may have, tor example, a unit tor 
cutting e One metal wire to form wire chips one by 


not necessary to form toe whole of the turn table 2 


oon on which metal wtra chips are placed may be 
roomed of s ceramic. 


schorrjMbtog the cut metal wire chip and the step 


unit 4 (eg., a beam spot welder). The high-energy 
beam irradiation unit may inc o rporate a Gght con- 
densing device having e concave minor or a con- 
vex lens to further condense the high-energy 
beam. The object can be healed up to 2000 'C at 
by it 


To form fine metal spheres 20. metat wtrs 
ehtps 10 cut by e she metal wire cutter (not shown) 
were Bret placed on the turn table 2. and the turn 


Abo. the method of this embodiment can be 
applied for metals or alloys which have not bean 
adopted, a la thereby poesfble to easily manufac- 
ture fine metat spheres having a composigon sUl- 
sbls for bumps at an Improved efficiency, if fine 


Litis 


reaped to toe metals. Also, according to the metal 
used, heating may be iff acted to s special gea 


possible to effect toe cuffing of the fine metal wire 


lamp is used as the high snenjj beam source, but 
the present Invention Is not arnftad to this. Attar. s It Is desirable that th 


plate be equipped wrth a number ol recesses 
whose stxs is Uniterm el least h terms ol the 
recess opentogs over which the foe maul wire Is 


Infrared redtatton heater Is about 1200 C 

Also, to the eboverdoacftbed errrbodtoient, a 
turn table Is used as the metal wire chip transport 
means, but the present invention is not boiled to 
Ms, end a belt conveyor may sfterrutJvely be 
used, rt this esse, needtoes to say. the bett con- 
1 ol r 


Further, ft Is deehabJe that the she metal wire 
be heated to melt after placing a hest-rectoam 
preeser id upon the upper surface ol too above- 
mentioned base piste, on which the the metal wire 


to this ernbodment with toe construction de- 


upper surface ol the base prate tj hasted to cut it 
by fusion into metal chips having a length cor- 
to heat. For example, to form the baft respo n ding to toe size of the recesses, end these 

metal chips obtained by fusion are retained on the 


conveyor, the baft may be formed of heat resistant 
steel chains, end a mul t ip li city c 
trays may be mounted on the belt 


above, a fins metal sphere can easily be manufao- 


Aftorwards, they are allowed to calmly cod off to 
sofrdtfy so as to bs formed Into Una metal spheres. 
Since the a 


energy beam so that toe metal wire cWp ts matted number of recesses whose sin b uniform H least 

to terms d tho openings over which a fine metal 
wire la St 

by ft 


and by uti feeing toe karoo surface tension d the 
mcften metaL It is therefore possible to p 
fine metal sphere manufacture method wt 
be improved in working efficiency end, h 



to the methods d producing fine mobil spheres x 
d the seventh and efdifh embodiments, a fine deviation d the fusing pos i tions, caused by the 

metal wire is cut toto metal wire Chips having a 
predetermined length, wreck have to be then ar- 
ranged manually one by one el equal spaces on a 


While there may be » variety d means avaft- 
able for arranging fine metal chips, toctudfng the 
ones described above. It is dsstrebto, to not a tew 


chips and that d fusing them Into ftoe metal 
spheres be. If possible, unified, dependine on the 


s embodiment has been made to view d 


on the base plats, at 
of the time at which the fusion takes place at the 


to tho fofiowtoo, a wortdng example d tola 


Rgs. 21A to 24. Rg. 21A(a) Is s schematic diagram 
showing the beso plate and the pressor DC used In 
an embodiment d this Invention: Rg. 21 a is s 


a to toe presser Id mated with eech other; Rgs. 22 and 

nar- sa 23 ere diagrams for Dtustrattog methods of stretch- 

acterized to that, after stretching a fine metal wire tog (a) fine metal wrr*(t> on tho base ptato; end 

on the upper surface d a hest-resistsnt base ptato Rg. 24 
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attached to each other, to this working example, a 
gold wtre (ftoe metal wire) having a diameter d 20 
urn was used to produce odd spheres (tine metal 
spheres) having a diameter d00 tun. 

Formed on the heat-resistant base plate 10 
shown to Figs. 21 Ala) and 21 B are a number d 
grooves (recesses) 12 having a faced vrkrth. It Is 
desirable that tho base plate 10 be termed d a 


were provided holes 22 corresponding to the pine 
18. It Is desirable tost the gap between the base 
plate 10 end the presser Id 20 when they are put 


The dimension of the base plate 10. which is not 
pertteularty Imited. was 30 mm in length (A) and 
60 mm to width (B). The section d each groove 12 
had a saml-spherical configuration; the width D d 
the opening of each groove 12 was 04 mm; the 
width E d eech d protrusions 14 provided between 
the orooves 12 was 0.1 mm; and the depth H d 
each groove 12 was 046 mm. Actually, toe oon- 
figuration d the grooves 12 Is not limited to any 
pertJcutar type; instead d a semi-spherical one. the 
configuration of toe section d each groove 12 may 
be e square or a V-shaped one. When its section 
has a V-shaped cenfiguretion. however, the bottom 
portion thereof has to be rounded at 0.06 mm 
radius or mora. Further, it is desirable that me 
width E of the mtergroove protrusions 14 bo as 
small as possible. 

The width o at tho opening of each groove Is 
determined by the diameter of the fine metal wire 
and the size d the ftoe metal spheres to be pro- 
duced, to the case d tola wotting example, toe 
forming d the grooves with an accuracy d xO.1 
mm In the tars of their widths results In the vari- 
ation d about 10% or less regarding the length of 
the fused metal wire chips and toe error In tho 
radius when formed toto metal spheres was ap- 
proximately 5% or leas, thus making ft possible to 


• 10 end toe pressor Id 20 were finished so that the 
gap width ranged from 0 to 10 urn at the most 
The fine metal wtra 2 was sandwiched between the 
base plate 10 and toe presser lid 20 thus finished, 
thereby fbttog the fine metal wire. 

to To produce ftoe metal spheres, the line metal 
wire 2 was first stretched on the upper surface of 
the base plate 10 In such a manner that It extended 
perpendicular to toe groove* 12. fn Has working 
example, toe fins metal wire 2 was. as shown to 

rs Rg. 22, sequentially disposed round the pina 10 
provided on both ends of the base plate 10, there- 
by stretching the fine metal wire on the upper 
surface d toe base piste 10. Further, as Shown to 
Bg. 23, ft » also possible to provide no pins on toe 


described below, no greet influence occurs on the eg 


wire* 2 to parallel. In toe case where a plurality til 
She metal wires 2 VS thus arranged, the employ- 
ment of the presser fid 20 for (bong the ftoe metat 
wire 2 is of particular significance, 
ss After stretching the ftoe metal wtra (gold wtra) 2 
on toe base plate to. toe presser Ad 20 was placed 
on the base ptsto 10, fixing h by a thing member 
30 such ss s clamp or a hinge, as shown In Fig. 
24. in tors condition, the base ptoto was put tor 
» example, in an induction heater, molting the gold 
wire al 1060'C. Simultaneously with its melting, 
the gold wire was cut by fusion Into wire chips at 
the protrusions 14 between toe groove* 12, the 
wire chips dropping Into the grooves 12. In mis 
s* embexsrnent, toe width 0 ol the groove* 12 was 
0£ mm. so that eech of the gold wire chips was 
0.8 mm long. Thus, toe gold wire chips obtained by 
the fusion were arranged to toe grooves, at an 
appropriate Interval (approximator* equal to the d>- 
of the pins 10). 


toto which one of adjacent grooves a gold wire 
portion disposed just upon en groove protrusion 14 
msy drop. Further, a number of pins 18 were 
provided on both ends ol the base putts to. at a 
space substantially equal to the pin diameter, with 
each of toe pins 10 on one end being arranged to 
have a position corresponding to another position 


tension, so that when a fine sdld piece thereof Is 
heated at a temperature not lower than lb melting 
potot It tends to become spherical of itself when In 
« s molten state. AcrxrrJtogry, a fine metal sphere 
could bs produced solely by mefUng a metal piece 
having a mass Montreal to that d toe metal sphere 
to be oousnod end by allowing it to calmly cod oft 


other end. By virtus d this orrorgoment a fine 


on the upper surface d toe base piste 10. 

The presser Id 20, which was also made d a 
ceramic material, was placed on toe base ptato 10. 
thereby serving to Ox the fine metal wire 2 which 
was streiched over toe grooves 12. The surface of 
the presser Id 20 facing the base piste 10 was 
machined to be flat Further, to the pressor fid 20 


fixed specos to the grooves 12 melted In the fur- 
nace and were termed Into fine metal spheres d e 


out d the furnace and was allowed to cod off 
slowly, thereby obtaining ftoe metal spheres having 


Thus, in toe method d producing fine metal 
mere* of this embodiment, the Stop d cutting toe 


chips can be unified, so that the operation d er- 
ranging the metal wire chips after toe cutting la not 


cy in the process d producing fine metal sphere*. 
Further, by forming s lame number d grooves 12 
or forming them long, an improvement could be 


nents can be used seml-pemuwecitty. 

Rgs. 25 end 26 show other examples d the 
presser Hd used in tola embodiment. The pressor 
lid 20a shown m fig. 2S had recesses 24 with s 
width F of 0.2 mm and a depth O d 0.1 mm, which 


base piste was used, It Is also possible to stack a 
plurality d bass plates one on top d the other. For 
example, as shown In Fig. 29, torse base pistes to 

i may be slacked together before they are put In a 
heating furnace, to that case, however, the bottom 
surfaces d toe top and toe middle base ptatei 10 
must be finished with the same level of accuracy 
as the presser Id. When the base plates 10 are 

re thus used to hove toe function d the presser so. 
the presser ltd 20 has enfy to be ptacod on toe 
uppermost base piste 10, so that the number d 
presser ads 20 can be reduced and a large quan- 
tity d fine metal spheres can be produced by a 


spondtog to the protrusions 14 between to* 
grooves 12 d the base plate 10. h a case where 
the presser Id 20a was termed In this way, no 


metal wire 2 Is Itosar, this should not be construed 
as restrictive. For example, ft may have en un- 
» dutated csrflguratian, as shown to Rg, 30, with to* 
troughs 2a< d the urvjuutoon corresponding to the 
grooves if. When fused, such a fine metal wtre 2a 
Is cut at the crests 2bi, so that tho protruraont 14 
require no predslon finish, thus facilitating the pre- 
Ths presser fid 20b shown in Fig. 26 was ss ductton d the base plate, to tost case, however, 


face d the presser id portions extended between 


termed such that the surface portion facing the 


e 10 tv 


The 


convex portions 2S of the undulation had a c 
ration cxNioepcndtog to the grooves 12 d the bass 
plat* 10. When the pressor Id 20b shown In Rg. » 


the length d each metal wire chip obtained o 
responds to toe length d each arc d the unduta- 


' lid I: 


9 where a 


specify* central portions d the groove* 12 by toe 
pressor Bd 20b. so that toe fine meat wire could be 
reOabry cut at the time of fusion, at the protojslons 
14. thereby unUomiaUng the size d the metal 
wire chips obtained by toe fasten. 

Rg*. 27 and 20 show other example* d the 
base plate used in this embodiment The base 
plate 10a shown in Rg, 37 was dnractsrUed by 


presser ltd can be emitted II the ftoe metal wire has 
a configuration as shown bi Rg. 30. Apart from tola. 
It goes without saying tost the presser Id can be 
omitted when too fine metal sphere* do not par- 
Bcularty require precision. 


12 d the base plats to shown to Rgs. 21 and 22, 
thereby drvidlng the grooves 12 tote smaa cham- 
ber* 12a having a length J d 4 mm. The thickness 


L of tho partitions 18 we* 1 


v. The bass pieta « process. 


fixed size, tote should not be construed as restric- 
tive, R is slso possible to form several types d 
grooves, hotos, etc. d different sure* on a tingle 
base ptata. thereby making t) possible to produce 
fino metal sphere* d different sizes by e single 


As described shove. In accordance with this 


10b shown to Rg, 28 was ehsraderized si that, 
Instead d grooves. It had hole* 18 having a rjarn- 
eter M d npprcodnyitory 4 mm. Whan to* baa* 
plats shown In Rg. 27 or 20 was used, the fine 

metal wire chip* obtained by fusing a fine metal » stretching toe fine metal wtra on the upper surf see 


wire dropped Into the small chambers 1 2a or to* 
holes 19, one chip Into one chamber or ana hole, 
eo that no two or more metal wire chips war* 
cliowod to melt together, tout preventing any large- 
*laed defective from being produ c ed. Thus, by 
using to* base plate shown to Rg. 27 or 28. an 
improvement could be attained In term* of yield. 

Although the above smbcidlment has been da- INDUSTRIAL APPUCABIUTY 


e and heating toe base plate to a high 
temperature, thus providing a method Of r>oducing 


provomont to farms d the operational efficiency 
and masa-prcxiuctivity in the process d producing 
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As described above. Ma In— ndon mtkM ft 
possible to ttffldnoUy produco fine motaJ spheres 

ton and Involving no ouuuttuns jo terms of purity 
and co wpoa ttjon, id thai the najtfiod of Mi Invajn* a 
ton can bo cppfad to the production of Cm mesa 
spheres of o Uniterm size to ba usad as bumps 
required fat the field ot aerraeooductor pa c e, ag i n g. 

Claims is 

1. A method of producing fine metal aphonia with 
a MQjh daQrao of iritorsrity to size, oomprtsino 
the steps ot forming mots! wire chips by cut* 
ting d fine metal wire at a constant length: and ■» 
haajftnQ said metst wire chips to a tomperaturs 
above the melting poW thereof so as to matt 


2. A method a 
0*00 tor ton - 
onotodudK 


and of a gukto by a holding device; moving 
taid holding devica to extract aaid One metal 
wtr* from said pjulda by a pradetaoxianod 
tonga* and eutflng asid Bne metal win by a 


tenlty erf said holding device. 

6. A method according to Claim l , wherein aaid 
stop lor forming sold rot« wtn cHps by cuV 
tinQ indudM Ox stops oft wttidlB q nU flno 
mstaJ win by 4 prtid^srniki+d IsWaytfi out of 41 


motst wire by fnomj d * catling dovfCO dlo- 
p ooo d In ctooo pradrntiy of **kJ food rod. 

7. A roofcod MOBfolnQ to Ctsixn t, whonoA said 
stop tor farming sold ffiotol wire cttpl by cut- 
ting tnotuoos tho stops or; orrengfcng s cutting 
ctarico fswfciQ * first rcfl providod wi!h o pfaro}* 
try of Butdno ooojos sfronood ot * prodotor* 
mtnod ciiCJxnrenxitfoi 1 pttctv s socood rott lor 
OORttCflnQ sold frst rott, ond s gvtdo portion 


ond rot. end driving at toast one of ask) lint 
ml and aaid second rot so as to damp and 
trad sold fino taotsJ wire Into th» rep botwoon 


5 1. 


dng toctodes aatvatng. when a One metal wire 
chip hi fad by a prodoten?ntoed tongih out of 
the outlet end of a guide rwvtog a One attentat 

doe* proximity of aaid outlet end ot aakt 


4. A method according to Ctafaa t. vrhereln add 
step tor tanning said metal wire chtpe by cut- 
ting Includes Che steps on preparing a guide X 

fine metal wire to pass therethrough* and a 
guide Y having a line Interna) bore of a dtom- 
•tor grostor fton Ovt wi void Quklo X. so that 
said internal boms of aaid gUktos are aflgned 


ft. An 

second roll has an 
region termed of an ei 


as 9, A method according to Ctaim I, wherein the 
atop of heating aaid metal wire chips of tha 


metal wire chips to a h 


tpheroUiIng add metal wire chips. 
10. A method according to Cton 9, whs 


through aakt internal bora of aaid guide X unB 
the end of aaid fine metal wtrs la mcotved by a 
0th si aaid bttamal bore of 


« w o on said guides ao as to produce a shear* 
} effect by the opposing ends of tie two 


6. A method according to Ctalm 1. wherein aaid 
atop tor forming said metal wire chips by cut* 
ting Includes the steps oh hoJdbjg the and of 


11. A method a coorcln g to Claim t. wherein the 


voyor means, said metal wtrs chips In a 


said metal wire chips to a 
m the mailing point thereof ao 
as to mart sax) metal wtm chtos. 

IX A method according to Ctaim t. wherein the 


wtete sold tTaOtsd wire crop Is btlng cocwoyod, 
thoroby hooting sold motot wire chips to o 


3 to men said metal wtrs chip*. 



15. A 

acoonlng k> caasn 14, wharain eeld base ptato 
has a pejraBty of aaid recesses, at toast the 
opentnga of aaid raceaasa over which eeld Una 


wire having a dtarnetar not more than 100 urn 
by a predetermined length out of the o utlet 
ond of a guide having a One totarnal bore: 
cutting said wire into line wire oMpa by ai. a . sir r 
tog a cutting devtoe arranged In tha ctose 


chips so that the Una wire chips are not to 
contact with each other: and heating tha Bne 
to wtrs chips to term said wee chips toto ssld soft 


4. (After amendment) A method of producing soft 
metal apharaa or sofl eftoy sphere*, eriaractar* 
ti trad by comprUinp the straps of: disposing 

bod a guide X having a minute Intomei bore 
which aflows tto Bne soft metal or aftoy wire of 
not mora than 100 tun In dUmetor to pass 
thsnthrough snd a guide Y having a Bne fcitrv- 
a nai bore of a d Um atsr greater than that of said 

guide X ao tost said bttsmal bores of said 
guides ere signed wttfi each other; btsarOng 
said fine wtrs ftrougfi ssld boras of the g ui de s 
XarKJYunflmesndoftheftriewtrsbi 
is rocotvod by a predetarmtood tongto to aaid 

bore of eaad guide Y. causing a retoOve move* 
I guide X and Y ao as to 


according to Clean 14 or 15. whorotn aaW fine 
motal wire b heated and molten after a press- 
ing cover Is placed on the top surface of aaid 


Ote wfae chips ao that the who chips are not to 


5. (After arnon dm ont) A method of producing soft 
ss metal sphere- or soft sDoy -ph«rt*, charecter- 


ond of a soft metal or sltoy wim of not more 
than 100 urn to diameter by a hotdtog ewvtce; 


X (After amss tit r>e<H) A method of producing soft 
metal spheres ot aoft eftoy spheres, character- 
brad by comprising the stops of: ansrr-jtog a 
pturaflty of fine wires made of a soft metal or 
soft sBoy. each of which wlree has a dtemotor 
of not more *tan 10 tun, to parallel on a flat 


asdd holding device; arranging the she wire 
chips so that the fine ware chips are not in 


9, (After amoftdment) A method of rjroouclng soft 

crups by a cutsng Bg having cutting edges sg metal spheraa or aoft sltoy apt 

smtoh am arranged at a constant pitch.- arrang- Uod by corrsvtslng the steps 

ing the Arm wtrs ebbs to that the wire chip* soft metal or soft aSoy Bne wire of not mom 

are not to contact with each other. hesSng the than too urn to dterneter by a rsade m r ml ned 

wire chips to form them Into asid soft motel length out of a guide by means of feed rots 

spheres or aoft eOoy sphere*, at emnged on tie outlat side of said guMe: cut- 
ting aakt One wire into fine wire chips by 

S. (After arrmndmont) A method of producing soft m»-n- or o cu«nc. devtoo dl-possd In cta» 

motel spheres or soft aftoy spheres, character- proatoitty of ssfct toed rotte. arranging the fine 
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wtrs chtoa so that the Hne wire chips am not In 
contact with each other; and heating the fine 
wire chips to form them aito the soft metal 
spheres or the aoft aOoy spheres. 

T. (After amendment) A method of producing soft 
motel spheres or aoft eltoy spheres, character* 
Uod by c 


. (After amendmont} A method according i 
claim 14, wherein aaid base prate has a plum 
tty of said rocsssos, at toast the openings i 


provided with a plurality of cutting edges dte- re 
rxMedst a p redeter m ined elrcajrefa ra ndat pitch, 
a second roil in contact with ask) Bret rod. and 
a guide portion tor guiding a fine wire between 
aaid first and second rolls: driving at least one 
of said Ant roll and said second roll ao as to rs 
clamp and fact a fine aoft metal or aoft aOoy 
wire of not more than 100 urn In d torw otei toto 
the rap between said first and second rocs to 
thereby cut said fine wire into fine wtra chtoa 
by said cutting edges; arranging the fine wire to 
chtoa so that the fine wtrs chtoa am not In 


amendment) A method according to die dstoi 


top surface of ssld base Plata on which s> 
fine wire having a rlameter not more than 1 


FIG. I 


D. (After amendment) A rnethod according to the 
ctatoi 8, wherein the outer periphery of ssld 
second roil is termed of an elastic material. 


i or eltoy fine wire chips each having a 


chtoa to a sp a ce d s 
veving astd lino wwe chips through a heating 
means to thereby heat aaid wire chtoe to a 



metal spheres or soft sltoy apheres, character* 
lied by comprising the steps of stretching a 
soft meal or alloy hne wfc*> of not more than 
100 urn In diameter on tha top surface of a 
heaMeslstani base piste having a recess at as 
said top surface, snd hoafing the stretched fins 


so ss to melt said fine wire SO T 
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